IN a former Paper,' the Author promised subsequently to give a short demonstration and comparison of those methods which have recently been proposed of determining dimensions, based on the assumption of a variable strength. This review it is intended to give in the present Paper. The development of each method must of course be confined to the essential ideas involved. For purposes of ready comparison this will be followed by the determination of the limiting stresses per unit of sectional area allowed by each, and, in conclusion, a number of examples and tables will be given. Some of the methods shown have obtained a footing in practice, others contain valuable ideas for further development, and all are of interest as steps forward on the road towards a rational method of determining dimensions. When it is once recognised that the strength of materials has not the same value in all the various circumstances in which the loads are applied, a method different to that hitherto used must gain ground. Those who cannot approve any of the proposed methods will, perhaps, by a knowledge of them, be stimulated to achieve something better.
The general points of view explained in I. to IT. of the Author's former Paper will be assumed as known, and the nomenclature and notation there introduced maintained. Hence t denotes the statical breaking-strength per unit of area (developed by a static load once applied), U the primitive strength (breaking strength for stress of one sense alternating with zero), S the vibration-strength (strength developed by oscillations, where there is an alternation of stresses of equal intensity in opposite senses), a the ultimate workingstrength (the breaking strength under the particular circumstances of loading), d the difference of the limiting stresses, and b the admissible stress; the word stress being an abbreviation for 
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cally smaller to the numerically greater limit of stress (4 being positive when both are tensile, negative when one is tensile and the other compressive, (60 the ratio of the stress produced by the fixed or "dead " load, if any, to the numerically greater limit of stress, and B,, B,, and 
. * (2)
In the latter expression the upper or lower sign is to be taken according as the dead load produces stress of the same or opposite sense as theLupper limit of live load.
If the admissible stress b be known, then
as in equation (2) of the former Paper. Where in the sequel numerical values occur, the stresses b are given in kilograms per square centimetre, the values of F in square centimetres.
I.-GEHBKR'S

METHOD.
The first work on the admissible stresses for iron and steel based on Wohler's experiments, was written by Gerber, the manager of the South German Bridge-building Establishment, in 1872, adopted by the Bavarian Government, and published in 1874."
Every piece of a square unit of sectional area would be destroyed by a static load producing stress of intensity = t. The same result may be attained by a load constant only as to one portion c, and as to the other d acting by numerous temporary repetitions; hence the difference of stress d is equivalent to a certain static load T cl, and there follows
where 6 denotes a coefficient, determined by the preceding equation.
I f for a piece of any Section F, 'the static calculation give a fixed load, B, and a limiting value B, of the live load, then these loads might by means of the equation
(b)
B, + TB, = B, = 6B, be reduced to a static load, if only T or S were known, and the requisite section would then be found by where b, is the admissible stress per unit of area for a static load.
The hypothetical loads B, Gerber calls '' reduced forces."
As Wohler has determined the statical breaking-strength t for certain materials, and also the possible differences of stress d for various initial stresses c, by substituting thew special values c, d, t, in the above equation, the corresponding values of the coefficients T, S may be a t once ascertained. T and S will of course vary, not irregularly, but continuously with the ratio I n order t o express the law according to which this variation takes place, Gerber makes a: = -, y = -, assumes the curve determined by S and y, having regard to the numerical values obtained by Wohler, to be a parabola, and thus gets relations, by means of which 6, and therewith also The values of S can be previously calculated for regularly progressive values of Cp and tabulated, as done by Gerber.
I n all formulas B, and B, are to be substituted with their signs (tension positive, compression negative), so that + becomes positive or negative according as B,, B,, have similar or opposite signs. If the straining force B, due to the live " load l act in the contrary sense to that due to the "dead " load, the total force may become B,+B, = 0, in which case + = -1. The values of B, always have the same sign as B,+B,.
The practical application of the preceding method Gerber makes as follows :-I n order to take into account vibrations and impact, for the live load B,, is substituted n times that quantity, and then For this value of +, 6 is determined by (4), and there results B, = n S B , . . . . . . . (6) . . . . . . . .
Gerber chooses for iron S = 1 * 5, R = 1 5, for structures in which lightness is the principal requisite and small alterations of form are no disadvantage, b,=2,400, and for structures in which the greatest possible durability is required, b, = 1,600 kilograms per square centimetre. Hence, for the latter 2 i =~( 3 + J 1 6 + z + 1 6~+ 1 3 ) . . . .
- (9) If the moving load may become positive as well as negative, +, 6, F must be calculated for both limiting values B, separately, and the sum of the numerical values F = F, + F, gives the actual sectional area. The object now is to express the stress per unit of area allowed by Gerber. . . .
8,
9,
0
,,
If in a special case the 'fixed load coincides with one of the limiting loads, then either $o = 9, F, = 0, or 9, = I, F, = 0, and from (12) . ,
where with help of (1) l for B, = min B, 6 from (4) corresponds to 4 = --
If, on the other hand, a piece has to sustain alternations of tension and compression, there follows, according as the fixed load (numerical value B,) has the same or the opposite sign as the higher limiting load (numerical value max B) with the upper or
The greatest stress per unit of sectional area now amounts to When in a special case the permanent load coincides with one of the limiting loads, either 4, = 4, F, = 0, or 4, = 1, F, = 0, but by (14) for B, = max B', S from (4)corresponds to 9 = ~ n (1 -9)
For iron structures of the greatest possible durability the values n = 1 * 5, b, = 1,600 would have to be substituted, in which case equation (4) merges into (9).
II.-SCRAFFER'S MODIFICATION.
I n Gerber's method, the way in which he proceeds in the case of the live load having different signs, provokes criticism, particularly with regard t o such structural parts as are subjected alternately to tension and compression. The calculation is made as though there were two pieces, instead of taking into account the whole difference of stress at once in accordance with Wohler's law. This drawback Professor Schiiffer, of the Darmstadt Polytechnic, has avoided by a modification of Gerber's method. His first work on this subject appeared in 1874, and was supplemented by subsequent papers. ' Schiiffer, in developing his theory, reversing Gerber's method, I n the latter case the upper or lower sign is to be used according as the fixed load (numerical value B,) is of the same or opposite sense as the higher limiting load (numerical value max B).
As the difference of load for the whole section with tension or compression only is max B -min B, and for alternate tension and compression max B + rnax B' , there follows with reference to ( a ) generally this value must of course always be positive.
If the ultimate working-strength a corresponding to the preceding value of 6 is to'be determined, and the unit of area of the section subjected to this stress, the limit of destruction would just be attained without the action of impact and vibrations. I n order to take the latter into account, Schaffer introduces all forces resulting from the moving load into the caIcuIation multiplied with a factor rb, even in determining [, and for further safety only the mth If all values of c assumed by Wohler be represented as abscisses (tension positive, compression negative), and the corresponding values of a, determined experimentally, as ordinates, a curve is obtained which
Miiller prolongs until it intersects the c-axis, arriving by means of analogies, which, however, are not precisely defined, at the value of the primitive strength for compression, and thus completing Wohler's data. From this curve it would be possible for every given value
to determine the working strength a, and allowing a suitable factor of safety the admissible stress b.
Miiller considers a factor of safety of 3 as suitable, but intends when using the value b = -to take into account the influence of temperature and corrosion separately in previously determining a.
The influence of a rise of temperature is taken as equivalent to the stress which would produce the same extension.
It is stated that the influences of temperature and load are fortunately not altogether cumulative, but that each takes a separate part in the wear and tear, and " this circumstance clearly tends to reduce the absolute maximum stress with a large perma- 
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nent load, because when stresses due to other causes come into action, the danger of reaching the absolute limit of fracture is increased." I n accordance with this the ratio p = -is modified in a way not quite clear, and determined for a series of values of CP from the completed curve representing Wohler's results, whence a U Here Miiller makes U = 1,600, and calculates accordingly two tables of admissible stresses, one for tension aIone, and one for alternations of tension and compression.
It is easy to perceive that in the preceding method untenable assumptions are included. It is by no means the case that everything tends to show that a single increase of temperature exerts exactly the same influence on a member of a bridge as a single application of a load " ; but on the contrary experience hitherto has been opposed to this. It has been observed that at temperatures of 100" to 200" Centigrade equal and greater loads are carried than at ordinary temperatures, although both influences, which are supposed to act in the same sense, are cumulative. Neither can the choice of a primitive strength for compression, which exceeds that for tension, in the total absence of experiments in this direction, be approved.
Iv. WINKLER'S METHOD.
I n the year 1877 Dr. Winkler, Professor at the Polytechnic of Berlin, published a method of determining dimensions,' which may be briefly described as follows.
I f for given values k a1 of the numerically smaller limiting stress per unit of area as abscisses, the corresponding values of the working strength a be plotted as ordinates in accordance with Wohler's experiments, Winkler finds that when a represents a tensile stress, the ends of the latter are grouped sufficiently closely about a straight line to justify the equation.
This formula is temporarily assumed to be applicable for compres- 
(c>
Assuming a factor of safety m, the admissible stress is -; hence if temporarily B, represent the numerical value of the numerically smaller limiting load, 
. (30)
When max B denotes tension, Winkler makes b, = 1,400, a = 45, and, after rounding off the results, obtains for structures not subject to impact and with n = 1, In all formulas B, has the + or -sign, according as B, represents a load in the same sense as, or opposite to, max B. Hence for tension only or compression only the + sign must be used.
Winkler recommends that formulas (31)-(33)
should be used even when max B denotes compression, provided that, as in the case of tension, under F the nett sectional area (after deducting the rivet-holes) be understood. 
If in formula
Some objections to the preceding formulas cannot be overlooked. That Winkler should take the admissible stress for compression without liability to buckling as smaller than for tension (1,200 as against 1,400 for b,) is remarkable, and altogether the expression adopted for a does not appear sufficiently warranted by Wohler'a results. I n order to arrive at such expressions, experiments made with the same material and under the same conditions only should be utilised, because only in this case does the effect of variable loads undisturbed by other influences show itself.
For unhardened Krupp spring-steel with U = 500 centners primitive strength, and t = 1,100 centners at least per square inch Rhenish, with which the most complete experiments were made, the following are the results obtained by different methods with initial stresses :-U~= 0 250 400 600 1,100
Wohler's experiments a = 500 700 800 900 (1,100) Launhardt's formula a = 500 711 800 900 1,100 Winkler's formula U = 500 612 680 770 995 V. FORMULAS OF CAIN, SMITH, AND SEEFEHLNER.
I n order to make the well known empiric formulae for liability to buckling agree with some older proposals of a committee of the American Society of Civil Engineers, Professor Cain of Char-lotte, North Carolina, adopted, as representing the admissible static stress of iron bars subjected to compression, the expression where l denotes the length of bar, r2 = -the square of the least radius of gyration of the section, d the diameter of the bar a t right angles to the axis for 8, t the crushing stress, 6 a constant, having for bars held fast at both ends, or supported on flat surfaces, the value l : 36000, for bars attached by pins at both ends 1 : 18000, and for bars held fast a t one end and attached by a pin at the other 1 : 24000.
I n recognising Wohler's experiments Cain has regard principally to lattice girders.' He assumes that the effect of impact diminishes with increasing weight of the members of a structure.
That the weight of the web-members increases tolerably uniformly from the middle towards the ends of the girders, equally so the ratio 4 ,of the limiting loads on the mem- . .
-(44)
The imperfection of the Launhardt and Weyrauch method induced Professor Smith of Birmingham to construct a new formula based upon Wohler's experiments. ' He makes the difference of stress 4 (ta + e ) (f -e ) U, 4 (4 + e ) (4 -e ) u d
where t,, t d , are the statical breaking strengths, and U,, U;, the primitive strengths for tension and compression respectively, these all being numerical values without + or -signs ; e, on the other hand, is the arithmetical mean of the limiting stresses per unit of area, where tension is to be taken as positive and compression negative. As for alternations of equal tensile and compressive loads d is equal to twice the vibration strength S, there follows from If temporarily, as the values ud, t d , are not known, it is assumed that ud =U, = U, t, = t, = t, there follows :-AS to the practical application of these formulas no particulars are given.
With regard to a method of taking into account the effect of impact as desired by Gerber, Seefehlner, Schaffer and Winkler, a difference of opinion may exist on the following grounds : (1) the influence of loads which do not gradually increase is already included in Wohler's results; ( 2 ) the effects of impact are not greatest on those members for which the live load B, is a maximum, while for those parts which, like the rail-bearers, are directly exposed to impact, the admissible stress is in any case taken as smaller than for other portions ; (3) the influence of differences of stress on bridges must be less than in the case of Wohler's experiments, in which all the straining actions followed each other very quickly, and this, even when Wohler's results are taken into account, may be noticed by dividing the influence of the moving load by n1 ; (4) according to Fairbairn, Vicat, Thurston, among others, a continuance of the stress is unfavourable, and this might lead to the practice of introducing the fixed load B, into the calculation multiplied with the factor n2 as compared with the live load B, ; ( 5 ) by a separate treatment of the fixed and live load, not only the determination of dimensions but also the static calculation becomes more complicated, because then B, and the two limiting values B, have to be reckoned separately, while otherwise only the limiting loads are used. Let it be now assumed that the influence of impact alone makes it desirable to multiply B, by n, then by (3) and (4) there would have to be taken into calculation the quantity , resulting from the moving load, into the calculation multiplied with the factor n (tension positive, compression negative), this can in every case be done. are taken, the ratio of the numerically smaller to the numerically greater of these values is denoted by 4, and then (even when liability to buckling is considered) the method of proceeding is exactly as though B and B were the actual limiting loads.' Of course, as the in0uence of impact is already accounted for, a more favourable factor of safety may be chosen.
As
Krohn's 2 method deviates somewhat from this, as from the commencement he reckons with 1 5 time the moving load, but then allows the value b = 1,000 (l +g>.
In the present state of knowledge on the subject, and with regard to the matter generally, excessive refinements appear to the Author unsuitable.
VI. RITTER'S HYPOTHESIS.
I n a Paper of the year 1877,3 Mr. Fr. Ritter, an engineer of Vienna, aims a t placing the facts relative to the strength of materials proved by Wohler's experiments upon a deeper foundation.
According to Ritter, the assumption is a plausible one, that the destructiveness d repeated stresses is inversely proportional to their distance from the statical breaking strength t. The resulting destructiveness of every stress varying between the limits a and ? a1 may not exceed a certain value for a given material. "This value is independent of the relative position of the vibration as regards o and t, so that when the position changes, and, according to the preceding, each individual oscillation becomes more or less 
t -a t -a 1
For a factor of safety m, the admissible stress per unit of area 
VII. LIPPOLD'S METHOD.
Whereas the methods hitherto mentioned leave it unexplained why by variable loads fracture is produced more easily than by a static load, engineer Lippold of Wiesbaden gives Wohler's laws the following form' : " I n order to fracture a piece, a certain amount of work is necessary, and this may be accumulated in the material at once, as well as by repeated intermittent loads. These loads, however, must recur instantaneously, or within so short a time that vibrations are produced." It follows that only through the occurrence of vibrations can extension, and with it stress and work, equal to what will overcome the statical breaking strength, be produced by a load lower than the statical breaking load.
Importance is attached to repetitions of the load only in so far as by these the limit of elasticity can be brought up nearly to the limit of fracture, in which case the relations depending on the proportionality of stress and extension are approximately applicable up to the point of fracture. I n conformity with the preceding interpretation of W6hler's law, Lippold, in determining the admissible stress, starts from the following rule : " On no member of a structure shall more work be performed by the fixed and live load than would be done by a weight slowly increasing from nothing up to the amount of the static load considered admissible." If for a piece subjected to tension or compression, l denote the original length, F the sectional area, X the momentary extension or compression, E the modulus of elasticity, the piece tries to regain its original condition with a force According to the above rule more work than this must not be put into the piece (in other words, the potential energy corresponding to the elastic force must not exceed this value).
Let there be equilibrium a t a given moment between the load P acting on the piece and the elastic force. Then the piece contains the work -, the alteration of length according to ( a ) is X = a P. Now let a new load Q, acting in the same sense as P, be suddenly added ; then the load exceeds the resistance, a part of the work of Q is transformed into kinetic energy (&S viva), which, however, is gradually expended in overcoming the increasing resistance. At that moment, when no more kinetic energy remains and the greatest alteration of length X + X' has been attained, the work done by the loads-apart from other applications (heat)-must be q a a l to the work of the elastic force overcome. The latter work
and hence with reference to X = a P (e> X ' = 2 a Q .
The new alteration of length is accordingly independent of that previously existing, and twice as great as with a gradually applied 1 P may also have been suddenly applied.
In this case the alteration of length would, in the first instance, have been greater than h, vibrations about the position of equilibrium h take place; but when it is attaiued only the energy a P* -remains behind in the piece, the rest has been principally converted into 2 11rat.
WEYRAUCH ON DIMENSIONS OF IRON STRUCTURES. {Selected
load. If now the total work spent on the piece is not to exceed the value (c), there follows from (a) and hence the requisite sectional area Suppose that equilibrium exists again between a load P acting on the piece and the elastic force. Momentary alteration of length X, work accumulated in piece --. Suddenly a load Q > P, acting in the opposite sense to the latter, is applied, so that the alteration of length X ceases, and one in the opposite sense X' -h is produced. I n neutralising X the force Q -P and the elastic force act in the same sense, resistance only beginning with the alteration of length X' -X in the opposite direction ; and neglecting other appli- this, as well as the additional work (Q -P) X' coming from an external source, are, when the zero is passed, again transformed into potential energy, the value of which at the Oistance X' -X from the zero is --).
As in the first case, equation (g), taken in conjunction with X = a P, gives
X' = 2 a Q. Here also the total alteration of length resulting from Q is independent of that previously existing, and twice as great as with a gradually applied load.
If, again, the work spent on the piece is not to exceed the value (c), then follows with regard to ( e ) and hence the requisite sectional area ( 9 2 Q -P b, If, now, a member of a bridge has to be calculated, equilibrium may be supposed established, not only after the action of the fixed load, but after every straining action. If, then, a new load be suddenly applied, the preceding formulas are applicable. I n calculating the sectional area, however, that case must be selected which gives the greatest value of F. Accordingly we obtain the necessarg section and the admissible stress per unit of area :
For tension or compression only from (f), P + Q = max B, P = min B. in these formulas Lippold substitutes for wrought iron the value b, = 1,300, for unhardened cast steel b, = 2,400 per square centimetre. Formula (53) agrees for tension only or compression only with Ritter's (45), in which K = 2.
I n Lippold's very remarkable work views are put forward and developed which, previous to Wohler's labours, had many supporters,' and the correctness of which cannot be disputed. The question is, however, whether this view of the subject is not onesided, whether the destruction of the material is solely, or even mainly, due to the causes indicated.
If that be the case, then, Wohler's law and results would lose much of their significance, as they are unnecessary for the development of the formulas and numerical values given.
It is certainly not creditable that Lippold's work has remained almost unnoticed in Germany, especially on the part of those to whom the management of technical experiments is entrusted. The ' T'irEe Van Kaven's "Collectaneen," Zeitschr. des hannSv. Arch. U. Ing.
Vereins of January, 1865.
WEYRAUCH ON DINENSIONS OF IRON STRUCTURES.
[Selected experiments hitherto made leave no doubt as to the general law, but only as to the causes of it.
Although every one is a t present free to choose whether he will accept a theoretical explanation or simply remain contented with the experimental results, it is most certain from Lippold's theory, that the use of a constant coefficient of strength for determining the dimensions of engineering structures is totally indefensible.
VIII.-CLERICETTI'S EQUATIONS.
The latest Paper on the application of Wohler's experiments is by Professor Clericetti of the Technical Institute of Milan.' Clericetti arrives in the first instance at the same conclusion as Lippold, but subsequently investigates separately the influence of repetitions of the load.
A sudden application of a load to a piece causes temporarily twice the extension (VII.), and therefore twice the increase of stress due to the same load gradually applied. This applies in the first instance to stresses within the limit of elasticity, as, however, the latter, by being exceeded, may be brought up nearly to the limit of fracture, Clericetti considers that a sudden load should be treated even until fracture occurs, as a quiescent load of twice the magnitude. As a further test, for a piece having a unit of sectional area, and to which the stress due to fixed load c, the difference of stress in the same sense d, and a statical breaking strength, t, apply, the formula is given It must, however, be remembered that in these experiments fracture occurred, not after a few applications of load, but only after 40,000,000 and more; while Kirkaldy found that with a sudden application the breaking weight varied for different kinds of iron from 7 5 -2 to 90.4 per cent., on an average 81 per cent.' of that required with a gradual application. Lippold wcribes this deviation of 50 per cent. to the circumstance that the loads had not sufficient time to produce the full extension and with it the full stress, the energy not used in overcoming the resistance of the piece being converted into heat.
Formula (a) is distinguished from that with which Gerber starts
(1 ( 
. (55)
If the load is in the same sense on the whole, moving loads in opposite senses may still occur. Clericetti would apply the preceding formulas t o this case also.
Particulars are not given ; but it appears that then 4 should be substituted for 4, (which is correct when B, = min B), whence generally The formula differs from Lippold's (53), in so far as in the latter Herein the upper or lower sign is applicable to $, , according as the fixed load is of the same or opposite kind as the upper limiting load, that is, always that sign which will make the quantity 2 2 positive. dJ 2 Numerical Values.-Clericetti takes the following values of t, U,, s, as averages from Wohler's experiments, for iron 3,800, 2,450, 1,385, for steel 6,800, 3,400, 2,000, adopts the factor'of safety m = 2, and thus obtains, in the case of iron, for tension only or compression only
For alternate tension and compression According to the principles of the preceding method itself, for alternate tension and compression, the actual stress should not be assumed as above, but as varying between respectively. (Vide also X.)
Hence would follow, in a way similar to the preceding, formulas for tension or compression only, and from those for alternate tension and compression. The way in which U and 8 are introduced into the above formulas can, however, scarcely be justified, and, after what has been said of a at the commencement, is surprising. Equation (64), with a suitable choice of constants, gives the same results as a rule followed by American engineers previous to Wohler's experiments, according to which for alternate tension and compression For a better comprehension of the various methods of determining dimensions some examples shall be calculated.
As almost all Authors have left liability to buckling unnoticed, it will remain excluded here. It may be taken into account in a way which is for all methods analogous to that described in the Author's previous communication for the Launhardt and Weyrauch system.' The latter gave for tension or compression only without liability to buckling b = v ( I + m c $ ) ;
and for alternate tension and compression
On the authority of Wohler's experiments for iron the values were adopted v = 700, m = 1~. = 4, whence generally
As, however, the choice of constants depends on the constructive material, the object of the structure and experience of the designer, no great weight was attached to the numerical values, and, for example, the less favourable data
were also given.
Example 1.-For the boom of a girder-bridge which is always in tension (or always in compression), the load varies between the maximum value max B = 30,000 and the minimum value, due t o the fixed load only, mirl B = 10,000 kilograms. The requisite net sectional area is to be determined. 
F -
2 X 30,000 -10,000
--= 38 *46 square centimetres.
1,300
(9) By Clericetti's method with B,, = 10,000, B, = 20,000 from (60).
10,000 + 2 X 20,000
-40 * 00 square centimetres.
Example 2.-For a member of a bridge always in tension (or always in compression) the greatest load max B = 30,000, the smallest min B = 10,000, as above, but the fixed load B, = 20,000
kilograms. The net sectional area is to be determined, (5) According to Seefehlner as above F = 37.14 sq. cent.
9,
,, Launhardt and Weyrauch F = 36.73 ,, ,,
9 9
,, Ritter as above
,, Lippold 3, F = 38.46 ,, ,,
3, ,, Clericetti with q5 = F = 40.00 ,, ,, Example 3.-A piece sustains a maximum tensile load of max B = 40,000 and a maximum compression o f max B, = 20,000, while the fixed load in tension is B, = 10,000 kilograms. The net sectional area is to be determined.
(1) According to the old method, with b = 700 F = ; -40 Oo0 -57 * 14 square centimetres.
700
(2) According to Gerber from (8)- (10) with. B, = 10,000, B,, = 30,000. 
650
Ezample 4.-A piece sustains a maximum tensile Ioad max B = 40,000, and a maximum compressive load max B1 = 20,000, which latter, however, at the same time, represents the fixed load. The net sectional area is to be determined.
(1) According to the old method, as above, F = 57.14 square (6) According to Launhardt and Weyrauch as above F = 76 * l 9 square centimetres.
(7) According to Ritter as above F = 87 *26 square centimetres.
,, Lippold ,, ,, F = 76.92 ,,
1%
(9) 9 7
,, Clericetti with B, = 20,000, B, = 60,000, BY = 0 from (62). In the latter case the upper or lower sign is applicable according as the fixed load (numerical value B,,) is in the same or opposite sense as the higher limiting load (numerical value max B).
In Table A which are those assumed to be admissible, as early as the year 1863, by Gerber, in calculating the Mainz railway bridge.' (a) , (IX.) , the formulae of Schafer and Winkler give the smallest sectional area for that piece which sustains the greatest fixed load. The same remark applies to Gerber, in so far as the in%uence of the division of the difference of the load previously referred to is not predominant. This is due to the fact that the live load is introduced into the calculation by the Authors named, multiplied with a factor n, for the purpose of taking separately into account the influence of impact.
Of course none of the methods of calculation reviewed are intended to give a rigid law for determining dimensions, but merely as guides from which the practical engineer will deviate in one direction or another if there are reasons for so doing.
As formerly the value b = constant was taken, but with reference to particularly unfavourable conditions lower values also were adopted, so the methods reviewed assume b = f (X, y . . .), but leave free play for the recognition of any special circumstances. For calculating the parts of machinery it has latterly been thought desirable to systematically utilise Wohler's results,' experience having led to the adoption of perfectly different admissible stresses for different ways of applying loads, which, however, in the cases of static tension, tension alternating with zero, and alternations of equal tension and compression confirmed Wohler's ratio of 3 : 2 : l given by formula: (71) 
